Auditory psychophysical testing was carried out on a patient with a central pontine lesion involving the trapezoid body, who presented with a deficit in sound localisation and sound movement detection. A deficit in the analysis of time and intensity differences between the ears was found, which would explain the deficit in detection of sound movement. The impaired detection of sound movement, due to a lesion interfering with convergence of auditory information at the superior olive, suggests this structure to be critical for human sound movement analysis.
The analysis of movement in the auditory system requires changes in the phase and amplitude of the sounds arriving at the two ears to be compared. Both processes depend on the convergence of information from the ears. This convergence first occurs at the superior olive, where the input from the ipsilateral cochlear nucleus converges with that from the contralateral cochlear nucleus, relayed via the trapezoid body (fig 1) . Convergence also occurs higher in the pathway at the level of the colliculi. Neurophysiological studies in animals have shown that the cells in the medial superior olive (MSO) respond to timing or phase differences between the ears in a linear fashion,1 2 whereas cells at the level of the inferior colliculus show non-linearities consistent with a selective response to sound movement. 3 Selective responses to sound movement have also been shown in animals in the superior colliculus,4 primary auditory cortex,5 6 7 and in humans in the multimodal cortex. 8 Lesions producing deficits in the detection of sound movement have not previously been reported in humans, although we have recently reported a patient with a right hemispheric stroke and a deficit in the detection of phase and amplitude changes simulating motion. 9 We report here a patient with a deficit in sound movement analysis due to a brainstem lesion involving the trapezoid body, suggesting that convergence at the level of the superior olive is needed for human sound movement analysis.
Methods

CASE REPORT
The patient presented at the age of 45 with recent hearing symptoms. She described difficulty with making out some speech sounds, particularly in crowded rooms, and a difficulty with sound localisation such that she had become unable to detect which of three well separated telephones in her office was ringing. The patient also had difficulty with the perception of moving sounds. For example, she was unable to detect which way a train was travelling when she was standing on a platform, on the basis of sound alone. She had a history of more than 10 years of right sided headaches and more recent right sided tinnitus, in addition to episodes of rotatory vertigo. Neurological examination was remarkable only for the presence of nystagmus on right lateral gaze.
Brain MRI with gadolinium showed an enhancing lesion in the central pons (fig 2) , between the dorsal pontine tegmentum and ventral pons and extending rostrally, but not as far as the midbrain. Angiography of the posterior circulation was normal; the lesion was thought to be a capillary vascular malformation. Figure 5 shows the perfor- tions were used to check that the deficit in detection of differences in the waveform between the ears was specific, and not due to a more general deficit in detecting changes in sound over time. The threshold modulation depths for each condition were normal at less than 2 Hz for the frequency condition and less than 15% for the amplitude condition (2 Hz modulation rate and 500 Hz carrier).
Discussion
PSYCHOPHYSICAL DEFICIT
The psychophysical assessment showed a mild asymmetric hearing loss at 500 Hz. The degree of loss and degree of asymmetry are at a level which is lower than that at which deficits in interaural timing detection have been shown," although this has not been investigated for the degree of hearing loss shown by this patient. A contribution from the hearing loss and asymmetry to the deficit is still possible, however. There was a mild impairment in the detection of fixed timing differences between the ears shown by the difficulty with fixed phase difference detection. Such difficulty would contribute to the sound localisation deficit, although we were surprised not to find a more pronounced deficit in view of the symptoms described. More strikingly, deficits in the detection of varying timing differences between the ears were brought out by the ramp but not the sinusoidal interaural phase stimulus. The ramp stimulus may be more difficult to detect because in each presentation a phase transition occurs in one direction only, whereas with the sinusoidal phase modulated stimulus a phase transition occurs in both directions. This difference in the stimuli might provide an amplification of any subtle fixed phase detection deficit when a moving stimulus is used. Alternatively, the patient may have a deficit in the detection of non-linearities related to sound movement which would not be predicted by fixed spatial performance. The patient also has a deficit in the detection of varying amplitude differences between the ears shown by the impaired detection of sinusoidal amplitude differences. Both phase and amplitude deficits would contribute to the sound movement detection deficit. The normal performance in detection of sinusoidal IPM, and of binaural frequency and amplitude modulation, argue against a non-specific deficit in psychophysical performance, or general deficit in the analysis of auditory timing information.
ANATOMICAL AND PHYSIOLOGICAL BASIS OF DEFICIT
We suggest that the deficit in detection of sound movement in this patient is due to the lesion involving the trapezoid body, the tract which carries crossed auditory information from one side to allow convergence with the auditory information from the other side at the level of the superior olive (fig 1) . The lateral ascending auditory pathway in the lateral lemniscus, and higher level convergence in the pathway, including at the level of the inferior and superior colliculi, are spared by the lesion. This would provide a mechanism for preservation of fixed lateralisation, as would any residual function in the trapezoid body. Lesion studies in the cat show impaired auditory localisation due to trapezoid body lesions,'2 13 with only small increases in spatial discrimination ability for discrete lesions confined to the trapezoid body.
Convergence at the level of the colliculi and residual trapezoid body function might also be expected to allow preservation of detection of sound movement, a function ascribed to cells in the midbrain.34 . This is not the case, and the pronounced deficit in detection of sound movement in this patient with disrupted superior olive input is in accord with the idea that coding of phase differences needs to occur at this level to allow analysis of movement. Whether specific movement analysis also occurs at the level of the superior olive is unclear; some non-linearities occur in animal recording work (MN Semple, MW Spitzer, personal communication) but not to the same extent as in the inferior colliculus, where analysis of sound movement is better established.3
Conclusion
This patient with a lesion involving the trapezoid body, has a dissociated deficit in spatial analysis, particularly sound movement, with preservation of analysis of temporal sound features. This is in accord with the idea that spatial and temporal analysis of sound is separated early in the human auditory pathway, as in other mammals. The convergence of input from the two ears via the trapezoid body is important for the spatial pathway. Such deficits are not normally assessed in patients with brainstem lesions, and it will be of considerable interest to see if other patients with lesions involving the auditory pathway show similar deficits.
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